Introduction
Diabetic kidney disease (DKD) is one of the most common complications of type 2 diabetes, which is the main cause of end-stage renal disease in developed countries. It is characterized by glomerular hypertrophy, basement membrane thickening, and excessive extracellular matrix deposition and ultimately results in glomerulosclerosis and renal interstitial fibrosis. Previous studies have pointed out that the reninangiotensin system (RAS) is the major mediator of development and progression of DKD [1] . In recent years, more and more reports support the role of chronic inflammation [1, 2] , angiogenesis [3, 4] , and vascular endothelial dysfunction [5] in the occurrence and development of DKD.
Hypoxia-inducible factor-1 (HIF-1 ) is a highly oxygensensitive monitor of regulatory protein in the body. A large body of evidence indicates that HIF-1 is a key inflammatory cytokine of renal sclerosis in hyperglycemic conditions [6] . Vascular endothelial growth factor (VEGF) is the most important angiogenesis factor associated with kidney disease [7] . In the kidney, VEGF is mainly produced in the podocyte, and the expression of VEGF is increased at the early stage of DKD, promoting the formation of new blood vessels [8] . Von Willebrand factor (vWf), released from endothelial cells, is a credible biological marker of endothelial cell injury and dysfunction [9, 10] . Insulin-like growth factor-1 (IGF-1) is a potent mitogen for glomerular mesangial cells which can induce cell migration and stimulate the production of proteoglycan, laminin, fibronectin, and type IV collagen, thereby promoting the development of DKD [11] . Vitamin D is obtained from food and from 7-dehydrocholesterol in the skin. Vitamin D attenuates inflammation via inhibiting prostaglandin synthesis and activation and postpones the progress of DKD by inhibiting the activation of some signaling pathways [12] .
Although many DKD mechanisms have been proposed, the definitive pathogenesis of DKD remains to be elucidated. Some researches indicate that IGF-1 stimulates the expression of HIF-1 and VEGF through activating the PI3K/Akt/mTOR pathway [13, 14] . Ben-Shoshan et al. [15] have pointed out that 1,25-(OH) 2 D 3 could inhibit the protein expression of HIF-1 by inhibiting transcriptional activity of HIF-1 and its target genes, such as VEGF and endothelin-1 (ET-1), thus delaying the occurrence and development of DKD by reducing angiogenesis and inhibiting cell proliferation. Our study provides relevant information on levels of serum 25(OH)VD 3 , HIF-1 , VEGF, vWf, and IGF-1 in a large-scale cohort to further understand the law of their changes and to clarify their correlation in type 2 diabetes patients with different urine albumin creatinine ratio.
Methods

Subjects.
The study was comprised of 502 type 2 diabetes patients (256 males, 246 females) who firstly attended Inpatient Clinic in the Department of Endocrinology of The First Affiliated Hospital of China Medical University from June 2012 to December 2014. Admission standards are as follows: type 2 diabetes was diagnosed based on the American Diabetes Association 2010 criteria. Exclusion standards are as follows: patients with hepatic diseases, other kidney diseases, hypertension, cardiac diseases, rheumatic diseases, neoplastic diseases, and infectious or other endocrine diseases (except diabetes). Patients who used thiazolidinediones or statins were excluded. Also, patients who used agents that could affect glucose metabolism (except antidiabetes agents) such as glucocorticoid or used agents that could affect urinary albumin excretion rate (ACR) such as ACE inhibitor or angiotensin receptor blocker were excluded. Patients were classified into three groups according to ACR: Normoalbuminuric group (ACR < 30 mg/g, 201 patients), Microalbuminuric group (ACR 30-300 mg/g, 171 patients), and Macroalbuminuric group (ACR > 300 mg/g, 130 patients). Subjects in Normoalbuminuric and Microalbuminuric groups were all newly diagnosed diabetes and diabetic kidney disease patients, respectively. There were many diabetic patients with macroalbuminuria (selected in macroalbuminuria group) who had not started treatment with standardized treatment regimens before coming to our hospital. The patients were selected on a consecutive basis. We did not exclude any eligible patients. According to the admission and exclusion standards, 502 subjects were selected and 496 type 2 diabetes patients were excluded. Additionally, 224 age-and sex-matched healthy volunteers (110 males, 114 females) who took part in the physical examination in our hospital were recruited as a control group. All healthy subjects were selected based on the results of careful history and clinical examinations. In all eligible healthy subjects, we randomly selected 224 people. This study was approved by the Ethics Institutional Review Board of China Medical University. Written consent was obtained from all participants. 
Results
Clinical Characteristics of Type 2 Diabetes Patients and
Healthy Controls. Baseline characteristics of the study population are shown in Table 1 . There were no significant difference in age, gender, BMI, SBP, DBP, and HDL among the four groups. Duration, FBG, HbA1c, LDL, TC, TG, UA, Scr, BUN, Fg, Ln(ACR), FINS, and HOMA-IR in Normoalbuminuric group, Microalbuminuric group, and Macroalbuminuric group were significantly higher than those in the control group. In patients with type 2 diabetes, duration, HbA1c, TC, shows that the serum levels of HIF-1 , VEGF, vWf, and IGF-1 in patients with type 2 diabetes were significantly higher than those in the control group and increased with the increase of Ln(ACR), respectively ( < 0.001). However, compared with the control group, serum 25(OH)VD 3 was significantly lower and decreased with the increase of Ln(ACR) in Normoalbuminuric group, Microalbuminuric group, and Macroalbuminuric group, respectively ( < 0.001). Table 2 shows that Ln(ACR) was positively correlated with duration, HbA1c, Scr, BUN, TC, LDL, TG, UA, HIF-1 , VEGF, IGF-1, Fg, and vWf and negatively correlated with serum 25(OH)VD 3 and eGFR ( < 0.01).
Relationship between Ln(ACR) and Various Factors.
In Table 3 Tables 4 and 5 show that HIF-1 , VEGF, IGF-1, and vWf were positively correlated with Scr ( = 0.174, 0.253, 0.207, 
Correlation with Serum Levels of HIF-1 , VEGF, vWf, IGF-1, and 25(OH)VD 3 according to Different Urinary Albumin Excretion Rates and Its Correlation with Related Factors.
Discussion
Studies have suggested that chronic inflammation, angiogenesis, and vascular endothelial dysfunction play important roles in the occurrence and development of DKD. Our research was a large-scale cohort designed to investigate the importance of serum 25(OH)VD 3 , HIF-1 , VEGF, vWf, and IGF-1 in DKD pathogenesis.
Results showed that, compared with the control group, serum levels of HIF-1 , VEGF, and vWf were significantly elevated in patients with type 2 diabetes and increased as urinary protein increased. Correlation analysis showed that serum HIF-1 , VEGF, and vWf were positively correlated with Ln(ACR), Scr, and BUN, respectively. Principal component regression analysis also pointed out that these serum factors are the important factors associated with the increase in Ln(ACR). This may suggest that serum HIF-1 , VEGF, and vWf were independent factors associated with DKD. In hyperglycemic conditions, both protein and mRNA of HIF-1 increased significantly in mesangial cell [17] . Under normal oxygen conditions, advanced glycation endproducts could increase the transcriptional activity of HIF-1 by adjusting the mitogen activated protein kinase [18] . Additionally, it was confirmed that HIF-1 promotes renal fibrosis through activating angiotensin II in vivo and in vitro experiments [19] .
Abnormal angiogenesis causes the formation of immature blood vessels, which leads to renal fibrosis and eventually results in the loss of glomerular function in DKD. Both the increased VEGF expression and the decreased endothelial nitric oxide synthase expression promote abnormal blood vessel formation in DKD [3] . Expression of VEGF increases the activation of the PI3K/AKT signaling pathway, resulting in phosphorylation of endothelial nitric oxide synthase and angiogenesis, which promotes the process of DKD.
Serum vWf level is closely correlated with endothelial cell injury. Verrotti et al. [20] have confirmed that endothelial dysfunction and the occurrence of microalbuminuria are closely related in DKD. Endothelial injury is one of the characteristics of DKD, even in the subclinical stage of the disease. High glucose produces peroxides and activates endothelial cell nitric oxide synthase, protein kinase C (PKC), and nuclear factor-B (NF-B). This leads to excessive reactive oxygen species and reduces the synthesis of nitric oxide. Transcription factors, such as the NF-B, induce the expression of inflammatory genes in order to increase the expression of cytokines and adhesion molecules [21] . Cruz et al. [22] believed that elevated blood glucose causes inflammation through a variety of signaling pathways, damaging endothelial cells. This, in turn, increases serum vWf and forms a high coagulation state [23] , thus promoting the development of DKD. Previous studies have pointed out that IGF-1 may play a role in these serum factors in other diseases [24] . Our study found that there were positive correlations between serum IGF-1, HIF-1 , VEGF, and vWf, so we speculated that serum IGF-1 may be involved in the occurrence and development of DKD through inflammation, abnormal angiogenesis, and vascular endothelial dysfunction.
Activation of the growth hormone GH/IGF-1 axis has a direct relationship with renal hypertension, proteinuria, and glomerular sclerosis, all of which play key roles in early lesions of DKD. IGF-1 causes renal hypertrophy and alters renal hemodynamics through overexpressing VEGF, promoting oxidative stress and high coagulation state. Elevated levels of IGF-1 in DKD are associated with elevated levels of collagen type IV (collagen IV) and laminin which jointly promote the occurrence and development of DKD [25] . Catrina et al. [26] also confirmed that IGF-1 increases the level of HIF-1 by improving the alpha subunit at the level of translation.
Previous studies have pointed out that vitamin D may play a protective role in DKD. Our study found that serum 25(OH)VD 3 was negatively correlated with HIF-1 , VEGF, and vWf, which indicates that vitamin D reduces proteinuria and delays the progression of DKD maybe partly through inhibiting inflammation, abnormal angiogenesis, and vascular endothelial dysfunction.
Plum and Zella [27] speculated that a lack of vitamin D may be an independent risk factor for proteinuria. After adequate vitamin D treatment, urine protein decreased significantly, and fibrosis cytokines, such as TGF-1 and Smad3, were also significantly decreased, suggesting that treatment with vitamin D could significantly delay the process of DKD. Mao et al. [12] confirmed that serum vitamin D levels were negatively related to inflammatory cytokines in the urine, such as TNF-, interleukin-6 (IL-6), and intercellular adhesion molecule-1 (ICAM-1). Ren et al. [28] suggested that 1,25-(OH) 2 D 3 may exert its therapeutic effect in diabetic retinopathy by inhibiting the VEGF/TGF-pathway. Similarly, Yildirim et al. [29] also confirmed that 1,25-(OH) 2 D 3 could downregulate the protein expression of VEGF, thereby reducing angiogenesis and inflammation. Compared to DKD patients with normal vitamin D levels, those with vitamin D deficiency have decreased microvascular endothelial function [30] . Vascular endothelial injury leads to adhesion and activation of inflammatory cytokines, which may increase the expression of vWf and further promote DKD process.
Principal component regression analysis also pointed out that TG, UA, and LDL were independent factors associated with DKD. Sustained high glucose leads to systemic vascular endothelial damage, disorder of lipoprotein, and increased TG level. Abnormal blood lipid also promotes the occurrence and development of DKD [31] . UA promotes DKD via renal tubular interstitial injury [32] .
Our study has certain limitations. First, it was a crosssectional study without follow-up and therefore the significance of the changes of serum HIF-1 , VEGF, vWf, IGF-1, and 25(OH)VD 3 as well as the development of DKD remains unknown. Second, our study observed a correlation between serum HIF-1 , VEGF, vWf, IGF-1, and 25(OH)VD 3 in DKD, but not the modulating mechanism.
In conclusion, increased serum HIF-1 , VEGF, vWf, and IGF-1 and decreased serum 25(OH)VD 3 may have an association with diabetic renal damage in type 2 diabetes patients. Serum HIF-1 , VEGF, vWf, and IGF-1 may interact with and promote each other and play important roles in the occurrence and development of DKD. Additionally, the protective effect of vitamin D in DKD may be realized by inhibiting inflammation, abnormal angiogenesis, and vascular endothelial dysfunction.
